The linear intercept length distribution has been calculated with a grain structure model based on the assumption that the grain diameter has a log-normal distribution.
Grain size is one of the important factors influencing various properties of polycrystalline metals and alloys. In general, however, the grain size is described only by the mean value and is roughly evaluated. It is, therefore, necessary to consider the distribution of the grain size in order to estimate the grain size more exactly.
Accordingly
to Schiickher(1) , the grain size for a spherical grain can be expressed in several ways, depending on two numbers of dimensions in expression and measurement, as listed in Table  1 . The grain size distribution has different forms for the number of dimensions in measurement.
The grain size distribution in three dimensions has been found to be approximately log normal in several studies(1)-(5). Furthermore, it has been considered to be closest to the theoretical log-normal distribution among one-, two-and three-dimensional.
While the grain size distribution in one dimension, or linear intercept length distribution, was concluded to be of log-normal type(3) (6) the distribution was pointed out not to be log normal (1) . It was also found by the present authors experimentally that the distribution deviated from log-normal form (7) .
In this study, for the purpose of clarifying the relation between the linear intercept length Table 1 Notations of variables in the most common distributions (Example: spherical grain shape)(1). that is, the grain structure is made up of geometrically similar grains.
propriate due to consistency with the actual grain structure, though "space filling" in the assumed to simplify the model. An important factor in present model is grain shape. The grain shape was discussed based on its space filling; the objects were such as the cube, the hexagonal prism, the rhombic dodecahedron and the tetrakaidecahedron (8) .
It is, however, difficult to discuss space filling in the present model because grains do not have the same size. Further, space filling of grain shape itself is not very important for the purpose of this study. Therefore, "space filling" is considered here to mean that all intersecting lines pass through only insides of grains.
In the consideration above, the following three kinds of solids are adopted as grain shape: (a) sphere, which is completely isotropic, (b) cube, which is appreciably anisotropic, and (c) tetrakaidecahedron (which is abbreviated to TKD at times below), which has been often accepted as the approximative shape of grain(9)- (11) .
In the grain structure model, the grain diameter D has a log-normal distribution from sphere circumscribing the grain (which is called "circumscription diameter" below) Dcs is also log-normally distributed. The geometric means of D and Dcs are denoted by Dg and Dcs.g respectively, and the geometric standard logarithm of circumscription diameter Dcs is expressed as X in eq. (1).
X=lnDcs
or DcS=ex
The probability density function of X, fx(X) is given by the next equation.
The volume of a grain of the circumscription diameter Dcs, VD is represented as
where K1 is a constant. Denoting the total volume and the total number of grains in the model as V and N, respectively, the mean grain volume V is derived from eqs. (1), (2) and (3) as (4) The calculation of the linear intercept length distribution in the grain structure model was proceeded from the derivation for a single grain in consideration of every direction, and then, on the basis of this distribution, it was developed into the derivation for the grain structure model with the log-normal distribution of grain diameter. Now, for the sake of simplifying the expression in equations, the probability density function and the distribution function in the standard normal distribution are given by eqs. (6) and (7), respectively. 
where dn is the number of grains of circumscription diameter Dcs through which the intersecting lines pass. The sum of the length of intercepts occupied by grains of circumscription diameter Dcs is expressed as LdF using the volume fraction dF. On the other hand, the length of the lines per a grain of Dcs, or the mean linear intercept length l for grains of Dcs is given by the next equation:
Sv=2NL=2/l,(12) (13), (10) where Sv is the area of the grain boundaries per unit volume, and NL is the number of the intersecting points of the lines with grain boundaries per unit length. The value of l is expressed as K2Dcs (where K2 is a constant) from eq. (10) and the relationship of Sv and Dcs. Thus, LdF=K2Dcsdn (
holds here. Substituting eq. (5) into the arranged eq. (11), (12) is obtained. Furthermore, substituting eq. (2) into the eq. (12) and integrating it, the total number of grains through which the intersecting lines pass, nL is gotten as (13) therefore, derived from the substitution of eqs. (12) and (13) in eq. (9) as follows: Tatsumi Tozawa, Hajime Kato (14) 1. The sphere grain structure model First, the linear intercept length distribution for a single grain is derived as follows. The circumscription diameter Dcs is equal to the grain diameter D for the sphere. In consideration of only a certain direction, the distribution function of linear intercept l, Fls(l, D) and the probability density function of l, fls(l, D) are expressed as the next equations.
2. The cube grain structure model
The linear intercept length distribution for a single cubic grain is derived as follows. Consider a cube of edge length a and the orthogonal coordinates, x, y and z with origin at the center of the cube. Figure 1 shows the projection drawing of the cube in a certain direccoordinates.
The length distribution for the linear intercepts given by the lines perpendicular to the figure is calculated. The linear intercept length in the projection drawing is obtained relatively easily; for example, in the trapezoid ABIE, the linear intercept lengths tively, and the linear intercept length at a point is proportional to the distance between the point and the line AB. The distribution function of the linear intercept length, Fls(l, a) is, therefore, expressed as 
The second terms in eqs. (26) and (27) were calculated by the numerical calculations. Simpson's rule was used on the numerical integration and the number of the divided interval was set as 200. The numerical differentiation was derived by the following equation.
(28)
The value of h was set as 0.002 here.
3.
The tetrakaidecahedron grain structure 
Simpson's rule was also adopted here for the integral. The domain of the integration was within [-5, 5] in consideration for the character of the integrated function; the error above was supposed to give three or four effective places of decimals for the distribution func-
The linear intercept length distribution for a single grain
First, the probability density functions of the linear intercept length l, for a single grain, fls(l, Dcs) are shown in Fig. 3 . The probability density function for a spherical grain is represented simply as a straight line, as in the figure. The function for a cubic grain is remarkably different from that for a sphere, as Then, Fig. 4 shows the distribution function of the logarithm of the linear intercept length,
paper. This function is more important than the above function fls(l, Dcs) in the grain structure model. The figure also reveals that the grain shape affectes the linear intercept length distribution. For a cubic grain, a break in the tinuity in that of fls(l, Dcs). Further, the spread of the distribution is observed to extend in the order as spherical, tetrakaidecahedral and cubic grains. 50%. The dependence of the configurations in the distribution function curves on the grain shape is corresponding to that in a single grain as shown in Fig. 4 . As describd above, the linear intercept length distribution in the model with grain diameter distribution of log-normal form cannot be regarded as log-normal distribution. It is considered that the approximation of the grain shape by a sphere is not very available for discussion of the linear intercept length distribution because of the difference from the actual grain structure.
Comparison of calculated and experimental results
The assumption of the grain diameter distribution of the log-normal form, used for the calculation of the linear intercept length distribution in this study, is consistent with the actual grain structure. Thus, it is interesting to compare the calculated result with the experimental one for the linear intercept length distribution. It should be noted that the range of the linear intercept length plotted in Fig. 12 is much narrower than the calculated result. In an ordinary experiment, the measurable minimum value or the limit of measurability is determined by the resolution of the measuring system. Thus the linear intercept of which length is less than the minimum value cannot be measured practically. This fact is considered to be the greatest cause for the difference between the calculated and experimental results. Figure 13 indicates the distribution functions calculated using a certain value as the tentative limit of measurability. As shown in the figure, the configuration of the curve varies remarkably with the limit of measurability and in particular the curve, which must be curved, is almost shown by a straight line in the narrower measurable range. The experimental results for a-titanium in Fig.  12 correspond approximately to the curve c or d in Fig. 13 . Accordingly, the linear intercept length distribution must be determined in consideration of the measurable range.
The linear intercept length distribution has been calculated in a grain structure model with diameter distribution of log-normal form. Then the results obtained are summarized as follows:
(1) The linear intercept length distribution is not log normal and the distribution for the logarithm of linear intercept length is indicated as a concave curve on a normal probability paper in every model.
(2) The difference from a log-normal form in the linear intercept length distribution depends on the standard deviation of the (3) The linear intercept length distribution is influenced by the grain shape. The asymmetry for the probability density function of the logarithm of the linear intercept length, TKD-and cube-models.
(4) The calculated results of the linear intercept length distribution in present model appreciably differ from the experimental results in the actual grain structure. The difference is, however, attributed to the limit of measurability for the linear intercept length in the experiments.
A part of the numerical calculations in this study was carried out using the HITACHI M-280H/S-810 computer system at the Computer Center of the University of Tokyo. 
